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Abstract 
Single-, bi-, and multilayer graphenes were successfully prepared by sonicating bulk graphite in distilled water. 
Effect of different sonication times, including 3, 6, 12, 36, and 72 hours, on thickness of graphene layer were 
reported. Sonication time strongly affected the homogeneity and sedimentation of the graphene suspensions. Longer 
time of sonication enhanced the suspension homogeneity as well as increased the concentration of exfoliated 
graphene. The stably dispersed suspensions were obtained from 36 and 72 hours of sonication time, representing a 
clear gray suspension for more than 3 months. Thickness of the resulted graphenes was measured by scanning 
electron microscopy (SEM). UV-visible spectroscopy and Raman spectroscopy were used to investigate the graphitic 
characteristics of the exfoliated graphenes. 
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1. Introduction 
Graphene is a monolayer with a thickness of single carbon atoms arranged in hexagonal array [1]. The 
name of graphene was from graphite and alkene [2]. It has unique physical properties, such as the thinnest 
material in the universe [1, 4], excellent mechanical strength, flexibility, 97% transparency. In addition, 
an electron mobility in a graphene is much higher than that in a silicon (>100,000 cm29V >@
Theoretically, graphene is the most stable electrical conducting material because its structure is arranged 
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in an orderly repeating pattern of two-dimension and non-defect, thus electrons can travel very long 
distances without scattering [5]. 
Many research groups have been fastened to study and synthesize graphene using various techniques. 
The isolation of graphene was first introduced by mechanical exfoliation or scotch tape method, 
exhibiting a high quality of graphene, but it cannot offer a large size of graphene and a large scale 
production [1]. Hummers' method is one of a low-cost approach; however, this oxidation process causes a
damage on the honeycomb structure of graphene [3]. Chemical vapor deposition (CVD) methods have 
shown to be another suitable technique for achieving a large scale production of graphene, but the process 
requires high temperature (a1,000 ºC) for operating and costs a lot of money [3]. Many researchers have 
putted many efforts on such achievement; however, it seems that achieving of a large scale production 
with less graphene damaging is still a bottleneck.   
In this report, we demonstrate that graphene can be exfoliated from graphite using a simple distilled 
water and ultrasonic treatment. It is an easy method with a simple preparation and low cost. We don’t 
need to start from oxidized graphite. The suspensions were sonicated for different times, including 3, 6, 
12, 36, and 72 hours. UV-Vis spectroscopy was used to observe the exfoliation of graphene in the 
suspension. Scanning electron microscope (SEM) and Raman measurement were used to investigate the 
thickness of graphene. This report may shed light on another potential way to fabricate graphene without 
any help from hazardous and chemical preparation.   
 
2. Experimental 
Bulk graphite (99.999%) obtained from POCO was used as a starting material for preparing graphene. 
0.5 g of bulk graphite was first ground with a mortar and pestle and, then, added to 500 ml of distilled 
water. The suspension was sonicated in an ultrasonic bath, 20 kHz. Effect of sonication time on graphene 
exfoliation was studied. The sonication times included 3, 6, 12, 36, and 72 hours. Thickness of graphene 
layer was measured by scanning electron microscopy (Hitachi S4700). The graphitic characteristics of the 
exfoliated graphenes were characterized using UV-visible spectroscopy (Jasco V570) and Raman 
spectroscopy (Renishaw inVia) with an excitation wavelength of 514 nm. The samples for SEM, and 
Raman spectroscopy were prepared by drop-casting deposition of the dispersion on silicon surface, and 
then dried in air.  
 
3. Results and discussion 
Fig. 1 shows picture of the dispersions after 3, 6, 12, 36, and 72 hours of sonication. The color of the 
dispersion becomes darker for longer time of sonication. Longer time of sonication enhanced the 
concentration of exfoliated graphene in water. Sonication time also affected the homogeneity and 
sedimentation of the graphene suspensions. The suspension could stay stable for more than 3 months for 
the sonication of 36 and 72 hours.  
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Fig. 1. Photograph of graphene dispersions prepared from different times of sonication, including 3, 6, 12, 36, and 72 hours of 
sonication. 
 
 
 
Fig. 2. UV-Vis absorption spectra of graphene dispersed in distilled water of different sonication times, including 3, 6, 12, 36, and 
72 hours. 
 
Fig. 2 shows UV-Vis absorption spectra for graphene dispersions in distilled water of different 
sonication times, including 3, 6, 12, 36, and 72 hours. The spectra confirmed that graphene could be able 
to disperse in distilled water and stays long-term stability. The absorption peak of the graphene dispersion 
at about 230 nm from the 3 hours of sonication gradually redshifts to 268 nm and the absorption in the 
spectral region of more than 230 nm increases with the sonication time, as shown in Fig. 2, indicating that 
there are some changes in the electronic conjugation over the graphene sheets, i.e. the exfoliation and 
break of graphene from its parent graphite. This is in a good agreement with the literature [6]. The 
absorption of UV or visible light in this region is due to the electronic transitions between the SoS* 
transitions of the C=C nature [7]. 
Fig. 3 shows SEM images of raw graphite and the graphite sonicated at different time of sonication, 
including 3, 6, 36, and 72 hours. The exfoliation processes began after 3 hr of sonication, where the small 
part of graphite came out of the bulk graphite as shown in Fig. 3(c) and (d). The thickness of the graphite 
is about 2-4 ȝm, implying that there are plenty of graphene stacked on the graphite. At 6 hr of sonication, 
the graphite flake became thinner and its thickness is about 300 – 800 nm as shown in Fig. 3(e) and (f). 
72 hr36 hr12 hr6 hr3 hr
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Longer time of sonication significantly decreases the thickness of the graphite. At 36 hr of sonication, the 
thickness of the graphite flake is almost less than 250 nm. At 72 hr of sonication, the thickness of the 
graphite flake is less 100 nm. However, most of them are a combination of single-, bi-, and multi-layer 
graphene and nano-graphite. As shown in Fig. 3(j), the red arrow points to the graphene, possibly single- 
or bi-layer graphene. Although longer time of sonication has a positive effect on graphene exfoliation, it 
may decreases the planar size of the graphene as shown in the SEM images.
 
  
 
 
 
 
                                                   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 3. SEM images of graphite and graphene obtained from different conditions. (a) – (b) Raw graphite, (c) – (d) 3 hr of sonication, 
(e) – (f) 6 hr of sonication, (g) – (h) 36 hr of sonication, and (i) – (j) 72 hr of sonication. 
(a) (b)
(c) (d)
250 nm
(e)
250 nm
(f)
250 nm
(h)
(i) (j)
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Fig. 4. Raman spectra of graphite after sonicating at different time, including raw graphite (sonication), 36 hr of sonication, and 72 
hr of sonication.   
 
Fig. 4 shows Raman spectra of graphite after sonicated different times, including raw graphite (non-
sonicated), 36 hr of sonication, and 72 hr of sonication. The G-band at about 1575-1581 cm-1 is from the 
stretching vibration of any pair of sp2 sites, whether in C=C chains or in hexagonal rings. The D band at 
about 1245 -1253 cm-1 is the breathing mode of those sp2 sites only in rings, not in chains [8]. However, 
the D band may be resulted from the conversion of hybridization from a sp2 hybridised carbon to be a sp3 
hybridised carbon. The mode involves the resonantly enhanced scattering of an electron via phonon 
emission by a defect which breaks the fundamental symmetry of the graphene sheet. The peak intensity 
comes from sp3 atom [9,10]. The intensity of the D-band from 72 hr of sonication is very strong 
comparable to that of the G-band. This means that 72 hr of sonication affected exfoliation of graphene 
and it might generate many tiny pieces of broken graphene or nano-graphite. 
In addition, Raman spectra of graphene from 72 hr of sonication represent an additional peak at 1619 
cm-1, which may refer to disordered carbon black, glassy carbon, nano-graphite or even carbon nanowalls 
[11]. The peak confirmed the formation of the other forms instead of graphene. Thus, longer time of 
sonication could contribute additional defects to the graphene. However, to have better understanding on 
this phenomenon, further experimental study may be required. The 2D band peak of raw graphite has 
changed shape from a sharp band at 2726 cm-1 to a broader peak at 2695 cm-1 after 72 hr of sonication, 
which may correspond to the exfoliation of graphene and nano-graphite as shown in the SEM images. 
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4. Conclusion 
We have successfully demonstrated that graphene can be exfoliated from the graphite without any 
assistance from chemicals and hazardous materials. Just only distilled water is enough to do this. 
Sonication is a powerful technique offered several single graphenes, multilayer graphenes, and nano-
graphites. Although the technique may affect the intrinsic property of graphene as shown in a higher 
intensity of D-band and 2D-band of 72 hr of sonication, this could be overcome by searching for an 
optimum sonication time. Finally, we believe that the results from this experiment will support many 
novel applications requiring graphene synthesised from a non-hazardous methodology.    
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